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A. PROJECT INFORMATION:
BUILDING: Existing office warehouse built in 1969, Structure is steel Butler
Building with masonry front,
CLIMATIC DATA: Latitude 38°. Total annual degree days 4660; for January
only, 930. Average winter temperature 420.
USEFUL HEAT GAIN AVAILABLE FROM COLLECTORS DURI"G MONTH OF
JANUARY: 16,120 BTU per square foot,
B. BUILDING AND PROJECT DESCRIPTION:
Occupant of building is Rademaker Corporation, Bluegrass Industrial Park,
Louisville, Kentucky. Building was constructed in 1969, It is a Butler Building with a
total area of 10,000 square feet, The front portion of the building is office space with
1080 square feet of ground cover, The front wall of the office is brick veneer with
relatively large glass area, The solar heating system described herein is for space
heating and for heating domestic hot water. Two systems are employed, one is a
liquid heating system employing ethylene glycol through six collectors of 40 square
feet each inclined at 53 3 , facing south, The second system is an air collector system
employing ten panels of 19 1 ; square feat each inclined at 33", facing south. The
liquid system uses a 560 gallon water tank for storage, The air system uses 110 cubic
feet of one inch diameter washed river gravel for storage,
The auxiliary energy employed to heat the building is natural gas. The solar
heating system is in fact a retrofit to the gas heating system which was installed in
the building during its original construction,
3
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TM liquid system employs a heat exchanger built into the hot water storage
tank which allows ethylene glycol toY 9 Y pump through the collectors when solar
radiation is available introducing heat to the stored water. A pump is provided in the
stored water loop. which will pump water from the storage tank to the hot water coils
oCeither of two air handlers when heat is demanded in the space. Control valves in
each of the hot water coil circuits are operated from thermostats to allow water to
flow to either or both of the water coils upon demands of their respective
thermostats.
Domestic hot. water is heated from the glycol circuit by a heat exchanger. The
motor operated valve in the heat exchanger circuit controls the maximum
temperature to which the domestic: hot water can be heated,
A preheat glycol coil is provided in the perimeter office zone air handler to allow
the glycol to be passed through the preheat coil to serve as an economizer within the
glycol circuit allowing the glycol to flow in series from the heat exchanger within the
storage tank to the preheat coil then back to the collector provided that the storage
water temperature has reached a predetermined minimum temperature,
The air collector system employs eight dampers, all of which are motor operated
together with a booster fan to introduce the air to the collectors and/or the rock
storage bin to the respective air handling system for distribution to the space_
Return air taken from the space is allowed to flow through the collectors as Iona
as radiant heat is available: then throufth the hooster fain and into the respective Zone
vequiring heat, If no zones demand heat, the flampets position themselves to allow
flow from the collector through the rock sloiago thus charging the rock storage with
heat. When heat is not available at the colloc;tors, but is present in the rock storage
and is demanded by the space, the booster lan will draw air, counterflow, from the
rock storage bin and pass it into tho rosj)(-(,livv zone (Jornanding heat. If excess heat
exists and if hoat is demanded in flan warOMuse , huat will bey passed from the
.collectors or from the rock storage lain inlo the warehouse provided that nv heat is
demanded within the office space.
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SECTION I1
CONTROLS
30
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SE 7ENtE BF CIPERRTti1N FOR SOLAR HEAT1111 SYSTEN. RADEMIXER CORPORATION
A,^Tt7gB 19 rOtL t;i7O-R^3YSTEH:
When the raster liquid collector solar heat switch is placed in the "Automatic'
.position (Switch S-11, Me differential thermostat T-R will al l ow Operation of the glycol
pump P-1 through the atttan of Relay R-PG. R-PS has a 15 Second time delay off cycle to
present fluttering of the glycol puma If the solid state circuit witAlo T-B Should flutter
momentarily. .Radiation sensing thermostat T-BA under the collector panel near the top of
a typical collector surface operates with thermostat T-8-B In the storage tank sensing
average Mater temperature or the tank to allow a;eratlon of the 91YCP1 pump when the
radiation temperature 14 greater than the tank temperature. The doMestie hot water solar
heat switch, 5 .2, when placed in the 'Autamatic' pasitian will allow its pump P-3 to operate
at the same time P-1 operates through Relay 2-011. Differential thermostat T-IS has one
alcMCot T-11-A located ea toe glycol line leaving the collectors. and its auxiliary element
T-11-6 is cn the bottom of tae domestic hot water hunter. A big% llait safety thermostat
T-11-C straCpcd onto the center of the tank under the insulation of the tank allows Pump
P• 3 to stop if the temperature should exceed 180 on the tank surface. When relay R-09
is eserglzad, Erie valve v-1 opens to allow glycol to flow through the heat exchanger
serving the domestic hat water circalt.
The raao thermostat serving tae exterior zone designated as T-S Is a two stage
heat-onc stage cool ttermostar, The first stage of heat on this thermostat -111 energize
Relay R-t- than Relay R-1 Is energized and providing Switch S-3 I$ in the 'Automatic'
position (main africe heat from liquid solar system swltch). hot water valve g-2 will aFen
to preheat Coll after the glycol hat already passed tbraugh the neat exchanger in Lhe tank.
(This serves 35 an ecanomizer to axtrdct mere teat frca the collector by Increasing the
efficiency of the collector.) A thermostat T-4 sensing the return glycol tec perature from
the hat !later heat exchanger will not. however. IOL this valve o pen unless the motor coming
hack is above IZO'.
The hot water pump P-2 m%iCh distributes water in the rot veto heating system
from the storage tank mitt be energized at any time Relay AL is energized indicating a
demand for teat at either zone and provided that the tecperature of the water in the top
of the storage tank As sensed by the rcastat T-7 Is above 85' ( I nd ite Ling that heat Is
available Lo he distributed to the hat water tolls). A switch on .ate panel IS-41 allows
the draftlrg roam air handling unit to pPCrate from the liquid So l ar heating SySLOO.
Thermostat 7-10 In the drafting room -111 *can Eric valve g-3 allowing hot water flew
through the fan coil unit's toil -honeve• .heat is dtcaudad in the space. At the tare tI.a.
the :fart will be allowed to operate pra0epd that the hot water carp P-2 is runntng as inter•
tacked thr-ugh relay IMI. Relay Al. will energize also which serves as the interlaxk relay
for Fury P-2. Refer to %Cheoatic wiring diagram for interlock circuit detail.
It should be pointed out that a second stage of heat demanded by the room thermostat
T-5 at the perimeter Office will allow the gas heat to be energized to bring thm space up to
temperature.
B. 	 COLLECTOR SYSTE3:
The master switch for the air collector solar heat system is marked SA-1. Placing
this $•Itch in the 'Automatic' positlon allows the differential thermostat T-1 to cycle Relay
R-AF when the solar radiation Input as sensed by thermostat TA-IA is greater than the temp-
erature at the bottom of the rock storage box as sensed by TA-18. $witch SA-2 an the control
panel when plated fm the 'Automatic• position allows the Interior office zone to have heat
Introduced from the air Solar systeW provided its room thermostat is calling for beat which
In turn would energfzu Relay RA-7. Relay RA-7 will open damper 07 and will allow starting of
fan F-1 which milt introduce heat directly from the solar collector system to the interior
zone provided relay R-AF Is energized. if not. It hill introduce teat from the rock storage
stack assuming that thermostat TA-3 indicates a tecperature of at least 85' at the top of the
rock storage stack. If beat does not exist from either source, fanF-1 will not operate.
Switch SA-3 when placed In the 'Autamatic" position allow% heat to enter the main office
perimeter zone fraa the air solar heat system whenever Thermostat T-S calls for first stage
of heat through interlock of a pole of relay R-1. The nnrmtlly closed contact of relay RA-7
Is In series with the circuit to prevent relay RA-I from energizing If the Interior lane
thermostat Is calling for heat (this gives the Interior zone prtcedtnce on getting heat
from the air collector system). When relay RA-1 Is energized, Damper fl opens.
Switch SA-4 when placed It the 'Automatic' position allows heat to be iatroduced
to the warehouse from the air solar heat systea providing the room thermostat TA-6 serving
the warehouse zone Indicates the demand for heat and furthtr provided that RA-7 and RA-B
relays are not energized indicating a demand for heat In either or the office zones. During
the 'Autumatle' operation, the relay RA-5 upon denied of heat for TA-5 will open dampers f5
and IG_
The dampers which control beat selection from rock storage or from collectors are
controlled from Relay R-AF. If R-AF Is energized indicating the collectors have beak
available, daapir 12 will be opened and Dam per +3 will be closed. If R-AF Is not energized,
damper 42 wa'f to closed and dam per 03 will open to allow beat to cone from the rock storage
start. Relay RA-4 will ha energized to allow opening of Damper ld any time the solar collect-
ors have heat available and provided that none or the three zones are decandlng heat.
A Saucer vent switch marked SA.S with Indications for 'ActomatlC-Surmer r will allow
System to work fully autoxittcally as described above -hon olaCed in th! 'Amtonatic' position.
When plated In the "Sumer' positlon. however, relay RA-8 will to energized allowing heat to
rent p ut the stack %a outdoors at the same time Relay RA-5 will he energized allowing dampers
+5 and 06 to open which provides a natural draft from the warehouSe through the tollectcrs,
Thereby. keeping the eollottors reascnal.y cool to the sue=ertire.
Pilot Tights are provided an the panel to Indicate which dampers art- opened and to
indicate when fan F-1 is running, when each of the three pum;:S AS rsssning, and when the fan
serving the drafting r-oa is ruining.
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SECTION III
DATA ACQUISITION SYSTEM
^t
i
1
t
34
::.fir..
DESCRIPTION OF DATA ACQUISITION SYSTEM
In order to obtain information necessary for evaluation of the performance
and operation, of the solar heating system throughout the year, 47 sensors
were installed within the system. These sensors were furnished by the
government and installed at goverrurient expense in accordance with the
documient, "SHC-1006, :august 4. 1476; instrwilentation Installation Guidelines
for the N.ttional Solar Heating and Cooling Demonstration Program. "
Table 1 schematic reflects the specific location of each of the sensors.
In Table 2. e.ich sensor is described in terms of general location, and the
parameter that is being measured. Each sr,isur is listed by an alpha- numeric
code designation. The code designation indicates the following:
Letter Designations
PD = Pressure DifferentialC a Specific Heat
D = Direction or Position
EE = Electrical Energy
EP = Electrical Power
I •	 F - Fuel Flow Rate
HF = Heat Flow Meter
Q =	 Thermal Fnergy
RH = Relative Humidity
SM	 Special Measurement
T =	 Temperature
TD = Differential Temperature
I : I Incident Solar. Flux (inso-lation) 	 V =	 Velocity
N a Performance Efficiency or 	 W =	 Heat Transport Medium
Effectiveness	 Flow Rate
P s Pressure	 TII-a Time
S
;S
Nwnber Sequence Data Group
climatological
collector
thermal storage
domestic hot water
space heating
space cool;ng
building/load
001 to 099
100 to 149
200 to 299
300 to 399
400 to 499
500 to 599
600 to 699
Each sensor provides data to a Site Data Acquisition Subsystem (SDAS) every
5 minutes arcIund the clack. The SDAS digitizes the data and stores it on
tape. Once a day the data is sent by telephone to an IBNI facility in
Htuitsvillc, Alahxiia, where it is reduced. Monthly reports are prepared,
one of which is sent to Rademaker Corporation.
The monitoring; system wil) permit the governrnent to determine the following
kinds of information:
o S;tving;s in convcntional energy resulting froiii HIL' use of solar
energy for Beating.
o Portion of the total livating load supplied by the solar energy.
o Efficiency of flic system in emwerting tiolar radiation into useful
thrry -oal energy.
o Thermal performaixt . and roliahility of major subsystems or com-
ponents over the demonstration period.
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ACCEPTANCE TEST
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ACCEPTANCE TEST PLAN #1
FOR
SOLAR HEATING SYSTEM
RADEPIAKER CORPORATION
LOUISVILLE, KENTUCKY
Performed 7/3/78
by
Thomas Empson and Harry Sladen
of
Rademaker Corporation
A. LIQUID COLLECTOR SYSTEM (Refer to Drawings 76-241-2 and 76-241-4)
1. Place the master liquid solar heat switch into the "Automatic"
position. Note water temperature below center of tank at point
where sensor TL-88 is located. Hawthorne controller TL-8A
should allow cycleing of the glycol pump, provided coliector
sensing element is 15° higher than tank sensing element temper-
ature. Check this in early morning prior to the time when col-
lectors are w,jiin and glycol pump should be off. When unit
cycles on, note w,: it temperatures entering tank heat exchanger
and see if unit cycles off as glycol temperature exceeds tank
temperature. If it does. this circuit is not performing satis-
factorily.
2. Place the main office heat switch in tree "Automatic" position.
Raise the setting of the room thermostat in the perimeter zone.
The valve serving the water coil for this zone (V2) shu, ld open
at the sank time the hot water circulating pump (P2) should
start. Valve V4 in the glycol circuit serving the preheat coil
a4
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for the perimeter zone should also open, provided the bulb
the nnnstat TL-4 in the return glycol line is sensing above
125 0 . If the stat is not causing this valve to open, drop
the setting of TL-4 to assure that the electric circuit is
functioning correctly and will allow the glycol valve to
open when the return glycol temperature is acceptably warm.
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3. Place the drafting room unit heating switch in the "automatic"
position. Thermostat T-10 in the Drafting Room, if raised
above room temperature, should allow the valve (V-3) to open
and pump P-2 to start at the same time. Likewise, the fan
should start at the san>P time, allowing heat from the unit
to the Drafting Room.
04
0<
4. 1ake the teniPerature of the water in the domestic hot water
storage tank. Preferable check-out should occur when the
water tank is approximately room temperature and when the
glycol temperature is above 120". This would then allow the
domestic hot water differential control (TL-11) to cycle the
domestic hot water pump ( P-3) and, !at the same time, to open
the domestic hot water glycol valve ( V-1) to allow introduc-
tion of heat to the heat exchanger serving the domestic hot
water from the glycol circuit. Observe the temperature of
the water in the storage tank and, as it H5 s above the
glycol circuit temperature, it should shu-- off the glycol
valve (V-1) anti stop the domestic hot water circulating
pump (P-3).
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5. Note the Lapse Time Meter for Pwm)s P-1, P-2, and P-3, and
the pilot lights for the three pumps and Drafting Room fan.
Note to see if these function at the same time as the respec-
tive piece of equipment is energized.
6. Place the office perimeter zone gas heat switch in the "Auto-
matic" posi tion and raise the heating thermostat in the peri-
meter office zone. This should cause gas heat to come on to
supplement the solar heating system. Both solar and gas can
work together.
7. Place each of the respective system mode switches in the "Off"
I
position and see if the respective system shuts down accord-
ingly. Follow-up by placing the master liquid solar heat switcf
to the "Off" position and all respective switches associates
with the liquid solar heating system should shut down, including
the glycol pump.
B. AIR COLLECTOR SYSTEM
1. Place the master switch SA-1 in the "Automatic" position. This
should allow the fan to start if the temperature sensed by the
thermostat on the hot air collector (TA-lA) is 20° greater than
the temperature at the bottom of the rock storage box. as sense
by TA-1B. Assuming that the respective system switches are all
i
in the "Off" position and the summer override switch is in the
"Automatic" position, and provided heat exists at the hot air
collector, Damper #4 should be opened and Damper #3 Khould be
opened, with all others being closed. This allows the fan to
charge the rock storage with heat from the collectors.
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2. Place the interior office heating switch to the "Automatic"
position and adjust the thermostat front this zone (TA-2) to
call for heat. This should close Damper #F 4 and open Damper
#7 which allows the introduction of heat to the interior zone.
See Damper Schedule for- ease of determination of respective
damper position.	 This schedule is oil 	 76-241-2.
3. Rteposition the interior office switch to the "Off" position
and place the main office heat (perimeter zone) to the "Auto-
matic" position. Raise the setting of the room thermostat
serving the perimeter zone (thermostat TL-5). This should
allow Damper *l to open.	 It should be rioted at this point
that if the collectors are putting out heat as previously
described, Damper #+2 will be opened, Damper #r3 will be closed
under this situation. However, if the collectors are not
warm and if the rock storage has heat within it as sensed by
Thermostat TA-3, Damper #r 3 will be opened and Damper #r2 wi l l
be closed, allowing heat to be introduced from the rock
storage. Again, refor to the Damper Schedule and see if the
dampers are in the proper position.
04
A,-Z- /-^ At
S^ NEduc.d.
aIt:
10,411-
e,4r--
•^o.c^c1x^cE.
4. Now, with all air system switches in the "Off" position (ex-
cept the warehouse zone), place this one in the "Automatic"
position. Damper N5 should open to allow heat to enter the
warehouse, provided the room thermostat in the warehouse
(TA-6) is calling for heat. Again, check the Damper Schedule
to assure that all dampers are assuming their proper position
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It is necessary to check each of the zone operations with the
hot air collector in operation during the day and, likewise,
during the period when no heat is available in the collectors
and heat is already stored in the rock storage. Under each
situation, the Damper Schedule should be carefully noted.
Likewise, the pilot lights should be observed for each respec-
tive damper and the Cin to determine if the pilot lights are
giving a -rue indication of the operating mode. Also, note
the Lapse Time t,':,ter which operates when the fan is in onera-
tien to dete rniine the number of hours used correctly.
5. Place the sun nor override switch in the "Summer" position and
check to see if da ­,ers have 3ssu•1d the p.'SitiOnS indicated
in the Damper Schedule, namely, that Damper #8 is opened al-
lowing venting by gravity without the fan operation.
6. During the checking of each damper sequence, the exact travel
of each of the dampers should be observed to assure that tight
shut-off is accomplished and that full opening is accomplished
by each respective damper motor. This will prevent overheating
of any single zone to the linkage. Also, check temperatures of
air being introduced to Qach respective zone to get a general
idea of the output capability of the collectors and/or the rock
storage system as relates to that respective zone.
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This can be noted easily by watching the temperature of the
air at the fan discharge when it is drawing from the collec-
tors. If, at any time, the temperature drops below the tem-
perature in the rock storage, which is usually ambient tem-
perature (approximately 70-75 0 ), then the system is dissi-
pating heat instead of collecting it. The probable cause of
this would be an inoperative or miscalibrated differential
temperature control. A similar check should be made by ob-
serving the differential control function for the glycol loop
with the reference temperature being the temperature of the
water at the lower quarter of the tank. It should be noted
that the glycol pump may occasionally stop, whereas the air
system will continue to function. The reason for this is that
the water storage temperature may have raised to a point where
the glycol loop would be dissipating heat instead of absorbing
it, whereas it is not likely to happen on the air system be-
cause the ambient condition of the rock near the bottom of
the rock stack will seldom rise above 75 0 . This is due to
residual effect of the rock as it absorbs heat at the top o
the stack and offers wide graA ent between top and bottom,
whereas the water temperature tends to be somewhat more eves
from bottom to top.
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TEST PERFORMED 7-4-78.
ACCEPTANCE TEST PL AN 02
FOR
SOLAR HEATING SYSTEM
RALKt4AKER COKPORAIION
LOUISVILLE, KFNTUCKY
Jhis	 test	 plan	 was	 developed	 to Miluate	 the	 inst^ • ui 1 ,entation	 in	 both solar
heating systems	 at the	 Radomake r Corporation	 installation.	 These tests
will
	
be coincident with at	 least two Site	 Data Acquisition	 Subsystem (SDAS)
scans	 (640 seconds)	 to permit	 the	 recording of moosurements under essen-
tially steady-state conditions.
Time
AccOm )l i shed
July 4,-1 91$
I.	 Air Collector Solar Energy Heating System Tests
A.	 Solar energy available at col la ctors	 (TA-lA, le)
i
.
1.	 Oe-activate bath solar heating systems including air
handling unit
	
(AHU)	 tans as well	 as all	 lead switches
and thermostats. 8.10 a.n).
2.	 Activate AHO fan for interior zone (F-4). R:20 a.m.
3. Activate AHU fan for perimeter zone (F-3). 8:30 a.m.
4.	 Activate air collector solar heating system	 (SA-1). 8:40 a.m.
5. Demand heat by warehouse (SA-4, TA-6). 8:50 a.m.
6.	 Demand first stage heat by perimeter zone (SA-3, 	 f-5) 9:00 a.m.	 !
7.	 Demand heat by interior zone (SA-2, TA- 	 ).
.
B.	 Solar energy available only in storage (TA-3).
I
1. De-activate both solar heating systems including air
handling unit (AHU) fans as well as all load switches
and thermostats. 9:20 a.m.
2.	 Activate Atoll fare	 for	 interior zone	 (F-4). 9:30 a.m.
3. Activate AHLI fan for perimeter zone	 (F-3). 9:40 a.m.
4.	 Activate air collector solar heating system (SA-1). 9:50 a.m.
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5. Demand heat by warehouse (SA-•l, TA-6). 	 f0:00 a.m.
6. Demand first stage heat by perimeter zone (SA-3. T-5). 10:00 a.m.
7. Demand heat by interior zone (Sa-2, T,7- ). 	 10.20 a.m.
C. Solar energy not available.
I. De-activate both solar heating systems includiiig air
handling unit (AHU) fans as wolf as all load switches
and thermostats.
	
10:30 a.m.
2. Activate AHU fan for interior lone (F-4).
	
10:40 a.m.
3. Activate AHU fan for perimeter zone (F-3).	 10:50 a.m.
4. Activate air collector solar heating system (SA-1).	 II:00 a.m.
5. Demand heat by warehouse (SA-4, TA-6). 	 11:10 a.m.
6. Demand first stage heat by perimeter zone (SA-3, T-5) 11:20 a.m.
7. Demand heat by interior zone, (SA-2, TA- ).	 11:30 a.m.
B. Demand second stage heat by perimeter zone(SA-3, T-5)
II. Liquid Collector Solar Energy Heating System Tests
A. Solar energy available at collectors (T-SA, BB).
1. De-activate both solar heating systems including
AHU fans as well as all load switches & the nanostats. 	 11:40 a.m.
2. Activate liquid collector solar heating system and
AHU fail 	 perimeter zone (S-1).	 11:50 a.m.
B. Solar energy available only in storage (T-7).
1. Demand first stage heat by perimeter zone (S-3, T-5). 12:30 p.m.
2. Demand heat by drafting room (S-4, T-10). 	 1Z:10 p.m.
fi
Vno
C. Solar energy not ,available.
1. Demand heat by drafting room. 12:20 p.m. r
1
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2. Demand first stage heat by perimeter zone (S-3. T-5)	 12:30 p.m.
3. Demand second stage heat by perimeter tone (S- 3. T-5).	 12:40 p.m.
TEST FI NISHE D 	 1240 p.m.
*Numbers in parentheses refer to designations of switches and thermostats.
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SECTION VI
UPDATED KEY INFORMATION FR OM ORIGINAL PROPOSAL
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UPDATED KEY INFORMATION FROM ORIGINAL PROPOSAL
One of the primary aims of the installation was to determine the comparative
results of the air system versus the liquid system operating under a similar
environnx,nt. Since the system has currently been operating through two winters,
a considerable amount of information has become available to the writer as a
result of observation even without detailed information from the monitoring sys-
tem. First of all, there is relatively little difference in the apparent per-
formance of the air system and the liquid system due to their variation in tilt
angle. It appears that the air system responds more readily to the diffuse
radiation situation which is partly because it is oriented iiiore flatly and,
secondarily, because it is operating with respect to a lower reference tempera-
t ure .
Experimr`nts have been conducted using a reflector on one of the collectors which
is very easy to see on the photo raphs accompanying this presentation. It is
apparent that during clear days heavy direct insolation), the reflector has a
significant added benefit during sunrx^r cycle of operation with temperitures
being as much as 20' hi ('iher with the same flow. The system was installed with
separate circuits from each respective collector so that results such as this
could tie easily obtained.
It was thought when the system was designed that the glycol preheat coil would
serve considerable value for extracting the maximum heat from the liquid system.
In actual practice, however, it is observed that the heat from the glycol is
extracted within the tank due to the fact that the demands upon the system are
always heavy with respect to the insolation. In other words, the treat is being
demanded as fast as it can be absorbed by the collectors. The temperature of
the glycol relatively always stays below the 120° temperature which was set as
the point at which glycol could pass through the preheat coil prior to reentering
the collector loop. When it is allowed to enter this preheat coil at a lower
temperature, it drops the whole temperature threshhold of the storage and thereby
merits nothing to the system.
It should further be noted that additional surface was added to the heat ex-
changer within the storage tank after the system had been placed in operation
the first year since it was obvious that heat transfer was not sufficient during
static conditions.
4
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SECTION VII
MAJOR MAINTENANCF. AND CONSTRUCTION
PROBLEMS ENCOUNTERED AND RECOMMENDATIONS
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MAJOR MAINTENANCE AND CONSTRUCTION PROBLEMS ENCOUNTERED AND REW01MATIONS
Generally, there were some problems encountered and they are listed herein.
1. Glazing Problem
They Kalwall applied to the SDI collectors degraded rather hv,ivily during
the first sunurrer and winter. It was replaced in the early sumrk-r of 1977
and want throukih the y second winter with considerable imhrove ►:k'nt. Apparently,
the KalwalI Premium II is batter than the original KalwalI. Likewise, the
glazing on the Solaron collectors showed a white deposit between the layers
of glass after they first winter of operation. This glazing was replaced in
9 of the 10 panels at the same time the above nky ntioned glazing was replaced.
They ne, w glazing appears to have less of a problem, however, sonx< evidence of
white deposits has reoccurred after about 14 months. The condensation be-
tween the layers of glass has not been eliminated. The writer has concluded
that it is very nearly impossible to eliminate this problem, no matter how
carefully the instructions of the manufacturer are followed.
2. Insulation
The Armaflex insulation used on the outside of the building tended to stiffen
up and show considerable degrading during the first suinnor and winter. During
the summer of 1977, the Armaflex was covered with a fiberglass insulation and
then the complete insulation package was covered with a plastic material and
pealed at all joints. Likewise, cans were placed over the edges of the insu-
lation to assure that no water could get through to reduce the value of the
insulation. The net result was considerable gain durintl the next winter's
operation. The recominondation of the writer would be not to use Armaflex
outdoors. It works quite satisfactorily indoors. The manufacturer's paint
applied to that which was outdoors did not appear to make much difference.
Hie degrading still occurred.
3. Controls
Problems occurred with the differential temperature control devices which are
manufactured by Hawthorne. The units origiirally installed tended to stutter
upon start-up and shut-down causing the farts and pumps respectively to chatter
at start-up and shut-down. This was solved by the introduction of time-delay
relays in the circuits. Likewise, the manufacturer sent replacement units
which still seemed to have the same problem occasionally. Time-delay relays
are recommended to eliminate this occurrence.
4. Glycol
A freeze-up with 20% glycol solucion used temporarily during the first winter
proved to be evidence that it is desirable to use a greater percentage of
glycol. 40% glycol solutio:s is reconriended for this part of the country. The
problem did not occur due to pipes bursting as a result of freezing, but,
instead, failure of the liquid to flow through the pipes even though the sun
had increased the temperature of the liquid at the collectors to the point
^,!^	 I _	 I	 I	 I	 •f	 I
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4. Glycol (continued
where it would melt below the slush point.
	
Failure of the liquid to flow
caused glycol to be ejected through a gasket in one of the motorized valves
due to increased pressure when the relief valve was isolated due to the
presence of slush. No problem has occurred with respect to this since the
40b glycol was installed prior to the second winter.
5. Maintenance
Practically no maintenano problems have occurred with either of the systems
other than those items out l ined above. Generally, the air system is shut
down during the sunnertime since the slight leakage of the dampers entering
each of the two air handling systems causes an added load to the air condi-
tioning system. This leakage cues riot seem to be a problem during the winter,
however, the writer does intend to replace the damper ul serving the outer
tighter seal damper
rSECTION VIII
OPERATION AND MAINTENANCE MANUAL
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Solar AIR heating systems produce more usable energy
than liquid solar systems An independent test of side by
side air and li q uid solar systems at Colorado State
University states
	 the air system operated 45
percent longer during the day than the liquid system and
collected 38 percent more host	 This is a i onsequence
of stratified heat storage in the pebble bed for the air
system and nearly uniform temperature in the water
storage tank of the liquid system 	 This is described in
terms o f the solar sy stem performance equation on page
four of tf is brochure.
The SOLARON AIR COLLECTOR often t`e following
adhanteiles.
• 10 Ye p r pertormance warranty
• Sate, reliable and virtually maintenance-free operation.
• F r eM:irr frcm damage by freezing or boiling
• Absence of pipes which can corrode and !oak
• Requires no antifreeze or stagnation pressure relief
controls
• Approved by HUD and ERDA for Federally funded
projects
MR—MANUFACTURER
Soiaron s business is the pract cal a p plication of sugar
energy We design, manufacture and market solar heating
systems for industrial commercial, agricultural process
drying and residential buildings The heart of our system is
the air type soiar collector a design based on over 30
years research and development by Or George LOt
To contact the nearest Solaron dealer, call the SWEETS
BUYLINE
Design Assistance Solaron has a complete des gn manual
covering all aspects of solar system Nngmeering
architectural requirements and economics Contact
Solaron for a copy of the design manual Experienced and
technical personnel are available 10 assist on any special
applications
SC)LARON
CORPORATION
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PP—PRODUCT PRESENTATION
The solar Air Heati ng System
:11
The Solaron solar heating system is marketed
through o ut the U.S	 local	 and dealersarewe
wh o
 are well establis hed In the
a HVAC
HVAC industry The
CORPORATION Solaron distributors maintain a complete stock tit
T	 xn Solaron equipment	 The distributors, who also handle
major brands of healing and air conditioning
equipment, work with dealers who are HVAC installing
contractors. The Solaron dealers are established and
reliable ccntractors who are familiar with mstalllnQ
heating equipment and associated ductwork 	 Both the
distributors and dealers are thoroughly trained by
OP--OVERALL PRODUCT. IN PLACE
SYSTEM OPERAVION
Solaron In all aspects of solar heating, design,
equipment application and installation Solaron
engineers and held servicemen support the uistributors
and dealers as required. and provide on site assistance.
The Solaron collector, air handler and controller
and necessary ductwork is Installed by the HVAC
contractor. The general contractor usually builds the
heat storage container The system Is then tested
through all of the operating modes and thoroughly
checked for proper operation.
TYPICAL COLLECTOR ARRAYS
1,
	
Soar Collectors	 r
y y/	 I HEATED SPAC1
,r /	
L", 
	
I	 Saar
	
water al	 Hwleo
	
tir Handler	
sooph'F-	 I	 Air Art tl`  JI —at( 	 J
	
I	 J I
Auxiliary Hearing
HEATING FROM COLLECTOR Air, the circulating heat
transfer medium is drawn through the collector where It Is
normally heated to about 120-1501 When the space to-
qu,res heat. the solar heated air Is drawn through the air
handling unit in which motorized dampers are au-
tomahcalfy opened to direct the hot air to the space The
air Men returns to the collector where it s again heated and
the cycle repeats itself
Soar Coxectore
dry 	Domestic
H EAT STORAGE UNIT The 1erelreXXes
LL--
- i0'i	 1M *s reed Ii t HOT on toe—COIU
on ootrom! TMs avows opbmum cone"',
of +cony since INLET Nmpwat-as,s low
STORING HEAT When the space temperature is satisfied
The automatic 60rltrol system dlvens the air into the heat
storage unit whe r e the heat Is absorbed by the pebble bed.
The air rerums to the collector where it Is heated and this
cycle is repeated
HEATED SPACE
I	 Solar
Heateo
SUPPNRN U rn	 Ap
	I I 	 L^ Ai near n
30'F HEAT StoRAr,EUNIT The healWMMCabbe Prurides a good supply
v temperature to heat the Dluldmg
HEATING FROM STORAGr At night or on cloudy days
when solar energy is unavailable and when heads needed
in the space the automat control cys!am directs the
budding return air into the bottom of the heat storage unit.
up through the pebbles where the air is seated through
the air handling unit and into the space When he solar
heated air does not maintain the space thermostat setting
the automatic control turns oh the auxioary heater to add to
Ill required heat
Solar collectors
y
	y y Domestic	 I
	
sAptar cal	 ,-
_Air Hateler 
O
	
t	
^
SUMMER WATER HEATING In the summer. when space
neating Is not required air is drawn through the collector
where It rs heated and than through the water heat
exchanger cod The solar heated air transfers Its heat to the
water which Is being circulated through the coil and the air
Is then relumed back to the collector inlet
7
I
SOLARON DOMESTIC WATER HEATING SYSTEM
The Solaron Domestic Water Heater System Involves a very simple
© v operating cycle	 Solar energy Is collected by the south facing collector t
Air is circulated by the heat uxchange unit 2 where the solar energy Is
-
transferred to the water being circulated by the domestic water circulating
pump S
	
Solar heated water Is continuously circulated into the storage
tank 3 as long as the Solaron control unit indicates that soiar energy 15
ro hour
I\	
O
1
1
s
©	 `:	 available at the collectors 1 and until tank temperature In the storageThe Poeat waterSystem uses	 "^it to neat 	 arid mpetae	 tank 3 reaches 160 degrees F When hot water Is required water is drawn
eiminates pros of h eiu,,	 from the conventional domestic hot water heater 4 and preheated wa-
oorkng Ieakmgandcorrosion	 ter Is drawn from the storage tank 3 into the conventional domestic water
heater
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A drawing of a typical installation Is shown to the left The collectors can ba
grouped as sht,wrn of in any of the con t iguratlons shown on page ). Tyaical
Collector Arrays Due to the Solaron interoal manifolding technique If a air flow
from one panel to another Intein.11lyl the eternal duct connections are minimtted
.es shown above 41 a one inlet and one o(1tlel for 8 panel. iS61t =) This
technique reduces held labor and leads to all Korromical installation
CONTACT SOLARON TO OBTAIN Sir STEM SCHEMATICS SHOWING HOW TO
COMBINE SOLAR HEATING WITH
• Hf ahng 8 air	 • Make-up a te treating
• Heat pumps	 • Proms; air htg-drying
• 1' A V systems	 • Swim pool water Mfg
• M,Jbple:ones	 • Industrial & agnculturai
• Process h.iler heating 	 heating
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The ,oijron solar collector is an advatived
of An air heating. flat plate coileetot Our
exciusrve Internal mandolding allows the Solaron
collector to be completeiy modular ► actory
preassenMled collector panels a r e plugged unto each
other with a minimum of installation hint' Air Inlets
and outlets are field cut into each collector array as
requited The Solaron stNar colleftir is designed tot
Installation oil any structurally sound surface. Such
as a tool, wall or specialty made supports
The Solaron solitr collector has the following
;ene',il c tnstiuctitln chalactef,stiCti
Absurber. ?R gauge steel with porcelain enamel
coating
Glaring Two I s sealed special low Iron tempered
Glass panels *rile .1 long lif e EPDM perimeter
gasl,el Glass plate can be easdv removed tot
service of replacement
Pan. ?0 gauge steer. holy insulated with 34:
fiberglass bah Painted external surfaces
Connection Poll Unique flange configuration
pernms tight air seal automaticall y as
modules are installed
Cap Strip: Painted steel designed to provide weather
:'ea1 between panels
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The use of pebbles In the heat storage unit is
artrcularty effective with an air cif culating solar
heating system The pebble bed mjuitalnsa sttw
temperature stratification It a hot on top and cold on
the bottom , This al lows air M be prowitled at the
highest available temperature to the heated space
from Me top tit the pebble bed It also a lows an to
return from the bottom of the bed to the collector at
essentially Loom temperature This ensures
maxmnum etticienq of solar heal collection and
delivery
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Tht heat storage unit must be built and
installed by the local contractor to Solaron standard
drawings and sWificat,ons Contact Solaron for a
copy of these specs
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Solaron provides a standard factory
preassembled air unit. ! Wud,ng a blowei.
and motor driven dampers A separate damper parr
is tumished for mounting in Me duct system, (1 or
backdrall dampers)
A typical Installation for the air 	 unit,
near the auxiliary heater and heat storage is shown
in the General System Description tuppel left) The
air handler can be mounted Wrier veffxally or
horizontally, and with proper orientation ant.
clearance to recc %e all connecti ng ducts without
interference
UT{:
r•, 1',
The automatic temperature: ; oiMroi unit is
Intlluded as pail of the Sotartln sti'stein_ The
controller handles AN of the operational modes which
are shown in the schematics on page 2 The
controller operates the solar side or the system and
ties into a 2 stage lMer iti glat to provide solar and or
auxekar• -at to the space as required The standard
controller c, it ,e modified %with Solaron ha,dwarr1
to combine with heat pumps of other types of
auxikary heating systems Solaron can piati
technical assistance to Jmgn special conticAlets tot
large pi olects (• .pecial Applications
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For inturmationn mi tht• Sol,trun Cullector Panel Details contact
Sularun Corpol-Mien, 300 Gallrria TO%Ver-South, 720 S. Colorado
Mvd, Denver, CO 80222.
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SOLAR DEVELOPMENT INC.
4180 WESTROADS DRIVE WEST PALM BEACH, FLORIDA 33407 TEL. 842 8835
l^
L ^'	 ectur
Shown for flat roof installation In South Florida. Sloping roofs accornrnodated by adjusting rear strut length.
121.125" — —
TECHNICAL SPECIFICATIONS
USES-water heating, space heating, and pool heating
DIMENSIONS - 4'x 10' nominal
WEIGHT- 140 lbs. including roof mounting hardware,
150 lbs. wet
COLLECTOR PLATE-.012" thick copper
PIPING - 100 ft. of '/z" copper 4'/." on centers,
sinusoidal layout, parallel arrangement available by
special order
PIPEIPLATE CONNECTION -collector-plate grooved
to accept 1 2 of pipe circumference for excellent heat
transfer, 100% capillary flow solder bond.
BOX - extruded aluminum sides, .032" aluminum
sheet backing
INSULATION 4" polyurethane (closed cell) or tecfinl-
foam isocyanurate
GLAZING - .040" Kalwall Sun-lite Premit,m For double
glazed northern unit, inner glazing .025" Kalwall
Sun-lite Premium, outer .040"
WIND LOADING - designed for 30 lbs./sq. ft.
VARIATIONS - collector can be manufactured in
various lengths, widths, etc. to meet specific
requirements
PERFORMANCE - the SDI collector has been tested
by Desert Sunshine Exposure Tests, Ir,c., Black
Canyon Stage, Arizona using The National Bureau of
Standards' Test Procedure. SDI has a computer
program to predict performance under various condi-
tions based on the results of this testing. Large .
Installations can be designed optimizing tank size
and number of collectors.
PUMP & CONTROLLER - for residential domestic
water-use, pump, controller and check valve are
mounted In one package. The controller uses two low
voltage sensors to compare tank temperature to
collector temperature and Instructs the pump to
circulate only when energy can be added to the
,system.
PUMP - March 809, 115 VAC or Teel 1 P760
FLOW - 3/. to 1 g.p.m. depending on piping run.
Pumps drawing up to 2 amps at 115 VAC may be
substituted for multiple collector systems
CONTROLLER FEATURES-
1. All solid-state industrial grade construction.
2. Custom aluminum enclosure with "irridited" and
sealed finish.
3. Control box may be operated reliably from freezing
to over 120 degrees Fahrenheit.
4. Thermistor sensors will operate from 50 degrees
below zero to 300 degrees above zero, Fahrenheit.
5. Sensors Isolated from high voltage... safe 9 volt
signal. . no conduit or electrician required.
6. One year guarantee.
7. Operating cost less than one cent per 10 hour day,
Including Dump.
Solar Collector with Roof Mounting Hardware
Pricing' (F.O.B. West Palm Beach)	 single glazed -
doub l e glazed
' In the absence of a quotation, prices subject to
change without notice.
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Solar Water Heating System
(same as above plus pump, controller and check valve)
single glazed -
doub i9
 glazed -
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TEST REPOU
Solar Collector
Test Report
Model: S05 "Standard"
0
Solar Developm(nt, Inc.
4180 Westroads Drive
West Palm Beach, FL 33407
FLORIDA SOLAR ENERGY CENTER
RESEARCH DEVELOPMENT AND
DEMONSTRATION DIVISION
300 STATE ROAD 401
CAFE CANAVERAL, FLORIDA 32920
i RD60
Test Report
77078
1
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SUMMARY INFORMATION SHEET
FLORIDA SOLAR ENERGY CENTER	
^vv^
X*$TATE ROAD 401. CAPE CANAVERAL. FLORIDA 32970.13051 )834300
FSEC M77078
MANUFACTURER
Collector Model
Solar Development, Inc.	 SOS "Standard"
41:0 West roads Drive
West Palm Beach, FL 33407 	 t:
This solar collector was tested by the Florida Solar Energ y Center ( FSECI in accordance with prescribed methods and was
found to meet the minimum standards established by FSEC. The purpose of the tests is to verify initial performance condi-
tions and quality of construction only. The resulting certification is not a quarantee of long term performance or durability.
Gross Length
Gross Width
Gross Depth
Gross Area
Transparent Frontal Area
Volumetric Capacity
:'eight (empty)
Number of Cover Plates
Flow Pattern
DESCRIPTION
3.062 meters
1.235 meters
0.093 meters
3.782 square meters
3.545 square meters
5.1 liters
44.4 kilograms
One
Serpentine
10.05 feet
4.05 feet
0.31 feet
40.70 square feet
38.16 square feet
1 .35 gallons
97.9 pounds
H^
i
	
Efficicrxy Equatio-is First Order g A 	 64.1 - 632.6 (Ti-Ta)/I
Second Order r; 	 61.9 - 427.2 (Ti-Ta)/I - 2699.1 (Ti-Ta)/I2
Tested per ASIiRAE 93-77	 Units of Ti-Ta/I are 0C/watt/m2
MATERIALS
Enclosure Aluminum frame
Glazing Kalwall Sun-Lite Premium I1 (fiberglass reinforced plastic)
Absorber Formed copper fin bonded to copper tube, black paint
Insulation Celotex Thermax ( polyisocyanurate 2.54 cm)
RATING
The calieetor has been fated for energy output an measured performance and an assumed standard day. Total solar energy
available for the standard day is 5045 watt -hour /m 7 0600 NTUJtt 7 ) distributed over a 10 hour period,
Out put energy ratings for this collector based on the second order efficiency turvr are;
	
Collector T'emperariire
	 Energy Output
	
Low Temperature, 35% (95°F)	 38,600 Kilojoules/dav
	
36,600 BTU/day
	Intermediate Temperature. '50°G (122°F 1 	 28,600 Kiloloules/day
	 27,100 BTU/day
	
High Temperature, 100 0 C (212°F)	 3,200 Kilojoules/day	 3 , 100 BTU/day
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1.	 COLLECTOR DESCRIPTION
DF
f 
1.1 Collector Identification
Manufacturer and Address:
Solar Development, Inc.
4180 Westroads Drive
West Palm Beach, FL 33407
Collector Model Number:
SD5 "Standard"
1.2 Collector Construction
Overall Dimensions:
Length:	 3.062 m
Width:	 1.235 m
Depth:	 0.093 m
Overall Front Area: (length x width) - 3.782 m2
Height of outlet above inlet when collector tilt is 900 :	 1.045 m
Glazing:
Material:
	 Kalwall
thickness: 0.064 cm (0.025 inch)
Transmittance* : 88%
No. of Cover Plates: One
Transparent Frontal Dimensions:
Length:	 3.001 m
Width:	 1.179 m
Area:	 3.545 m2
Absorber:
Material: Copper alloy 110
Length: 2.997 m
Width:	 1.194 m
Area:	 3.578 m2
Absorber Coating: Black paint by Cypress Coatings
Absorptivity*: Unknown
Emissivity*: Unknown
71
*Information provided by manufacturer; not verified by FSEC.
Air Spacing Glazing to Absorber:	 Approx. 4.5 cm
Insulation:
Type:	 Cellotex Thermex
Dimensions:
	
2.54 cm
K-Factor':	 0.02 Watts/m 0  (0.13 Btu/hr-ftZ-of/in)
Heat Transfer Fluid:
Ma erial	 Water
Density: 911.81 kg/m 3
 at 700C
Specific Heat:	 4189.6 J/kg 0  at 700C
Collector Weight:	 44.4 kg
Collector Weight/Area: 	 11.7 ky/rn2
Collector Fluid Capacity:	 5.1 liters
Collector Fluid Capacity/Area:
	
1.35 liters/m2
Normal Operating Temperature Range: 2400 to 930C
Manufacturers Recommended Fluid Flow Rate: 2.8 liters/irin (0.75 GPM)
Manufacturers Recommended Maximum Operating Pressure: 276 kilopascals (40 psig;
tested to 1103 (160 psig)
Cover Plate kind load Maximum: 	 1436 Pascals (30 psf)
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2.	 RESULTS
2.1 Introduction
	
I
Results of the thermal performance tests are presented in graphical and
tabular form. The first graph shows the efficiency plot in the International
System of Units (Metric units). Following this is a comparison of the collec
tur efficiency before and after exposure testing_ 	 Finally, the tabulated d,ta
ie presented. The performance graphs and the tabulated data are also presented
in Section 2.6 in English units of measure.
2.2 Exp lanation of Results
The Solar Development, Inc. model S py "Standard" solar collector was tested
for time constant and thermal performance. The time constant was found to be
1.3 minutes. A thermal performance test was conducted during the period from
12 February to 14 February 1978. An incident angle modifier test will be con-
ducted. After these tests were completed the collector was filled with water,
capped with a pressure relief valve set at 414 kPa and placed on an exposure
rack for a period of 40 days. During this period there.were at least thirty
days on with the total daily insolation was greater than 4730 watt-hours per
2
square meter (1500 Situ/ft ) and at least one day on which there was a forsr-
hour period with a minimum insolation level of 1013 watts per square meter
(321 Btu/hr-ft 2 ). During the exposure test the collector rack was adjusted to
keep the angle between the incoming solar radiation and a normal to the collec-
tor surface less than five degrees at solar noon. On three of the last ten days
i
of exposure, the collector was sprayed with water to simulate rain. A second
thermal performance test was conducted during the period 21 April to 25 April
1978.
The second performance test revealed a slight decrease in performance, but
within the required limits. After all the tests had been completed, the collec-
tor was disassembled and inspected. The inspection revealed minor outgassing
deposits around the perimeter of the inside surface of the covet- plate. No
other kvidence of deterioration was found.	 s
1
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WIND	 hind speed (meters/second or miles/hour)
WIND DIR	 wind direct i on (degrees east from north)
DIF IN	 Diffuse instantaneous insolation (watts/square meter or
BTU/hour-square foot)
DIFF	
percent of the incoming radiation that was diffuse
INSOL
TI-TA	 Temperature difference between the inlet fluid tempera-
ture and ambient air ( o C or OF)
Notes:
I. The test number is simply a number as
2. Stars indicate that no data was taken
during that test.
3. The data presented in the test report
of the collector during testing. The
to be at the temperatures recouv-nded
signed for use by FSEC
on the indicated parameter
best represent the performance
actual data points were chosen
by ASHRAE.
i
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2.4	 Results of Static Tuts
	 OF FOUR QUA. TY.
2.4A Pressure Test
Date of Test:	 10 December 1977
Static Test Pressure:	 1103 kilopascals (160 psig)
Duration of Test:	 15 minutes
2.4.2 Pressure Drop Test
Date of Test:	 23 April 1978
Air Temperature:	 25.60C (78.1°F)
Inlet Temperature:	 27.1 0C (80.70F)
Flow Rate:	 4.24 L/min (1.12 GPM
Inlet Pressure:	 142.6 kPa (20.7 psig)
Pressure Drop:	 8.00 kPa (1.16 psi)
2.4.3 Exposure Test
Start Date:	 25 February 19%8
Completion Date:	 6 April 1978
No. of Days of Exposure:	 40
No. of Days of Exposure when insolation exceeded
	
4770 watts/m2 (1500 BTU/ft 2 ):	 30
Pressure Relief Setting:	 414 kPa (60 prig)
Spray Tests:
Dates:	 30 March	 02 April	 03 April 1978!
	
Insolation: 946 Watts/m 2 2	 1060 Watts/m2 2	996 Watts/m2 2
	
(300 Btu/hr-ft )	 (336 Btu/hr-ft ) (316 Btu/hr -ft 	 I
	
.	 2.4.4	 Inspection Results:
Cover Plate:	 a minor amount of outgassing deposit was detected
around the perimeter of the inside surface of the cover plate.
Absorber Pl,+te:, No evidence of deterioration
Absorptive Coating: No evidence of deterioration
Collector Enclosure:	 No evidence of deterioration
Insulation:	 No evidence of deterioration
Gaskets, Caulking 8	 '
Sealants:	 No evidence of deterioration
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Computer Printout Key
TEST
DATE
SOLAR TIME
TA
TI
TE
FLOW
AVE IN
TOTAL IN
DEL T
EFFIC
(TI-TA)/1
TILT
AIIM
INCI
MASS
SPEC NEAT
IV P
Number assigned to the data for a particular test
Date on which the test was performed
Soldr time at the start and finish of the test
Ambient air temperature ( oC or OF)
Temperature of the transfer fluid at the collector inlet
( oC or OF)
Temperature of the transfer fluid at the collector exit
( oC or 00
Volumetric flow rate of the transfer fluid (liters/minute
or ga 11 ons/mi ,lute )
Average instantaneous insolation (watts/square meter or
BTU/hour-square foot)
Total (integrated) insolation in the plane of the collector
during the test period (joules/square meter or BTU/square
foot)
Total (integrated) temperature rise across the collector
during the test period (degree centrigrade minutes or de-
gree fahrenheit minutes)
Calculated collector efficiency for the test period (percent)
Value calculated for the abcissa of the efficiency graph
I = average instantaneous insolation. ( oC - square meter/
watt or of - hour - square foot/BTU)
Angle which the collector was tilted from the horizontal
(degrees)
Collector azimuth angle (degrees ^ n due south; east posi-
tive)
Angle between the incoming radiation and a normal to the
collector surface (degrees)
Mass flow rate of the transfer fluid (kilograms/second or
pounds mass/minute)
Specific heat of the • transfer fluid (joules/kilo(jram - of.
or BTU/pound mass - OF)
Gage pressure at the collector inlet (kiloNewtons/square
!meter or pounds/square inch)
a
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2.5 Ex lanation of Efficiency_Curve
the test data is presented in tabular form and as an efficiency curve.
The efficiency curve is based on the following equation:
n 
= FR On) e - FRU1
where:
n
	
collector efficiency
FR = heat removal factor
6(2)e 	effective transmissivity-absorptivity product
UL - over-all brat loss coefficient
T i = transfer fluid temperature at the collector inlet
Ta - ambient air temperature
I	 instantaneous level of solar radiation
The standard form of the equation of a straight line is:
Y = b + mX
where:
	 ^
b	 Y axis intercept
	 l
m	 slope	 1
from these two equations it can he seen that a straight lee+e should
'	 result if a plot of efficiency versus the quantity _I -_ Ta is made and if
the slope and intercept functions can he as%umed constant. It then becomes
apparent that the slope of the line is a function of the aver-all heat loss
coefficient and the Y axis intercept is a function of the transmissivity of
the cover plate(s) and the ab%orpt.vity of the absorber plate(%). In reality,
however, U  is not constant under the to%t conditions since it varies with
the temperature of the collector and dmhient weather conditions. Therefore
a second order curve I% used to describe the the anal perfonaa nce of the col-
lector.	 That is:
Y - c 4 bX+ax2
The intercept is still related :u (ia)e and the slope at any point on the
curve is proportional to the heat loss rate for that value of T i - Ta.
KI
2.6 Performance Test Results, English Units
Following is a repetition of the thermal performance curve.
Although identical to the p^-evia.,s graph (see Sec. 2.1) in content,
this graph and computer printout is presented in English units.
a
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The efficienc y curve dots not give absulute values for the overall rrt•at
loss coefficient and (ia) e
 since both are multiplied by the factor Frt.
However, the plot does indicate relative values for these two quantities
that can he used for comparing collectors. Dete urination of the absolute
values of (r;x) e and UL world require additional measurements beyond the
tests perforTied.	 .
The X quantity, Ti - T a , can be determined fr •um measurements made
during tesiing. The collector efficiency can be calculated from the folluw-
ing equation:
n=mCPIATdt
A f [ d t
OiuGiNA' p
AGE LS
	where:	 OF P1t QUALM
in = mass flow rate of the transfer fluid
	
Cp	 specific heat of the transfer fluid
fATdt = integrated (total) temperature rise across the collector
	A 	 gross frontal area
n integrated (total) solar radiation received by the collector
	
fldt	 during the test.
The data is collected during a series of test runs. Each data point,
represented as a plus sign on the efficiency plot, is the result of a
test run, the exact length of the run being determined by the collector
time cunstant. The line drawn on the plot is a stLund order- lea%t squares
curve fit of the data points.
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10	 THERMAL PERFORMANCE
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SPECIFICATIONS:
MOTORS
1750 RPM, Three Phase 200V or 230/460V 60C
Sleeve Bearing Motors. Also available in Single
Phase with overload ptatectian except 3 HP
BODY
Cast Iron with flanged in-line connections.
Companion flanges are included
IMPELLER
Cast Bronze, Closed, Dynamtcally Balanced.
DRIVE COUPLING
Non-Metalltc / Vibration Dampening
SHAFT
Stainless Steel with Cupro-Nickel Sleeve,
FRAME
Sleeve f3rarrng,Disc Type, Oil lubricated RE,
MOVABLE BEARING CARTRIDGEFITSALL
MODELS. Dip Stick to measure oil level
MECHANICAL SEAL
Standard-250oF Operating Temp
WORKING PRESSURE
176 PSI . in accordance with ASA B16 1
NOTE: Flanges are tapped for gauges
60- '	 }
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MODEL
NO.
Fig.
Sire
MOTOR DATA I	 D:W NSIONS
HP 60 H: 1 Ph. 60 Ha 3 Ph. A B C D
160
1610}
1612
1614
Y^
14 115V
NOT AVAILABLE l A19
71
21 'x:
22
21 %
22
271/2
24' ;
76%'.
16`.51
161,
*
19
19
18
18%
19
21
23
10%
10 1, 14
13Vt
13%
14 1o.
1 3 1/2
12%
12 )h
16 4m
16 kh
17%
16%
11b;%
16 4b
191/_
19%
^h 115V
— --'/r
1151230
200 or 2301460
.
1616
2
i
'A
—
_
1
P2 1
1 6_30
1632 131/2
13ye1634
1636 16%
16'41638
TdL0 iivatuis of Caoida, Llo	 i
3090 Lenwqrth Drive	 Taco, Inc. 1 160 Cranston Street, Cranston, Rhode Island 02920 U.S.A.
Mississauga, Ontario	 printed in U.S.A.
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applications -
From the	 cl_' e
mo	 , a a 
eve, the	 -'st ef. ic'A
Magnetic VI Ive, with no trouble.
some shaft seals is uniquely
energy conscious, convert 
full motor horsepower in
pumping power. The 8	 2 0
hp motor draws n^a	 arnp-
costs less to operdt lan a
40-watt tight bulb. And since
there's no shaft seal, there's no
seal wear, no seal leakage.. .
everl
Dynamically balanced magnets
combined with micro-balanced
motor fan assures extremely
quiet operation. Bronze head
resists rust and foreign deposit
build-up. The compact 809
weighs just over four pounds
and is easily installed either
vertically or horizontally.
March solar energy pumps are
designed for commercial service
as well as residential applica-
tions. In addition to the 3 gprn
model shown, others are avail-
able with capacities to 22 gpm
and heads to 45 feet. For
special applications requiring
design assistance, contact the
March corporate office.
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MAGNETIC DRIVE
March's proven magnetic drive eliminates the
troublesome, old-fashioned shaft seal. There
can be no seal wear,
power-robbing friction
	
[r
or leakage thru the
	
IM/I lull rACaall
seal. Impeller and drive	
IT 	
fmagnets are perman-
ent ceramic type. They^:'+
prevent slippage and "°" 
insure that full motor,
horsepower is con- 	
AJ	
•R,. 914
verted into pumping	 -	 -
power. Energy require-
	
s+rnalr
ments are lowered as
	 °"'"' "A`"l'
all the energy produced by the motor Is utilized,
especially important in solar systems. March
seal-less drive also provides for faster, easier
motor service, as the motor can be removed
without draining, refilling and reheating the
system.
SPECIFICATIONS
809	 1 It) o,	 36 or
809DF	 3 aprrl	 4.1	 1.8
	
SL" MP,	 111200	 1150	 730	 60	 Sing le 	24	 76	 4.516s.809OF-24
	 24
115	 1.2
1809HS 53 gpm 1 1 6 5.0 14" MF r	 1125
_
3500 0:
230
60	 SiNie 80 or
_._6
8 0 tbs.
Model 809 Model 809 DF
the original solar energy circulating pump.	 Dual fans for quiet, cool operation In closed - in or hot
Model 809 HS ervlronments.
3500 RPM mode! for almost twice the capacity and 	 Model 809 DF=-24
nearly three times the head. As above except 24 roil version.
Higher capacity models are also available. Conlact
March or nearest March distributor for details.
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1" 55? SERIES
HIGH CAPACITY REVERSIBLE MOTOR OPERATED VALVES
+	 Service
Valve Pont Sire
	
Port Cr
	 Opiionlll
Pipe Connectiunl and Ciamelers	 Factor	 FDuipmenl
1	 Vero
	
(Threaded Valve ConneChone Mae NPT	 Service	 By Pots
	 (Based on (See
Sarres	 Conduir Conneclor it 1 2 5 tOl 	 Model	 End B	 End A
	 U 5 pal ) Below)
Fan call valves for chilled water and not worse spp'IcatVom 	
^I
552OR3302	 1 . Pip
aThrard Female	 3-way	 -651,	 .5"	 9	 2.3,6.8
I+	 i
- 
Strom and hoe water valves
552983402	 1" Plpa Thread F emale	 2 way	 6"	 92	 2.368
5526F13403	 1" Pipe T hr asd F Omelet 	 3 way	 65"	 .5"	 9	 2.3 6 8	 Thr iaw 557 cr. a:, t high capacity yoWo
CYCLE TIME
	
	
is motor driven to both the open end the clnsed
position It it detigned for bolh chided water
and hot watt ^n larger tan coil applicatioi+s
Full open to full close=
	
2 way — 1& seconds 	 The manual fever it self-unlock+ng upon
1 1	j	 3 way — 24 seconds	 o",g.rat­ of the opening coil
o-	 `F
"BR" SERIES
REVERSIBLE MOTOR OPERATED VALVES FOR HEATING AND COOLING
FAN COIL APPLICATION
OESIGNt Ii TO OPERATE ON HIGH DIFFERENTIAL APPLICATIONS
Se•vce
Vale Pans	 ^aa	 Pon Cr	 l?t'IVaul 441%	 }_L.
	Pipe Conneci ons and Mamelers	 Faclvr	 Equ pmenl
Valve	 ;Threaded Valve Connecliuris ale NPT	 Service	 By Put iBaseA on	 See
Seraes	 Candud Connector is 1 2 STD'	 Model	 End B	 F lid A	 US gat I	 Halo+1	 r	 },^
1791 BR 301	 1/2" Pipe Third$) Pamela 	 2 way	 5/15"	 2 4	 2,3,4.6,(5 9
6H1 OR 3091 12" Pipe Thread Female	 3 way	 7/16"	 5/16"	 55	 2,3,4.6,8 9	 ra
687 OR 301	 450 (SAE.) Inverted F tare
	
1/2" Copper (518" O.D.)	 2-way	 5116"	 2.4	 2,3,4,6.8.9	 t'
1%7 BR 309
	
450 (SAE! Inverted Flare	 r	 p^	 ^
	
1/2 'Copper (5/8" O.D.) 	 3 way	 7/16"	 5/16"	 4 4	 2,3,4.5,6,9	 CLCL
672 E3 307	 3/4" Pihr Thread Female 	 2 way	 5116'"	 2 4	 2,3,4,6,8,9
672 6H 309	 314" Pipe Thr.dd F emale	 3 way	 7/16"	 5/16"	 5 5	 2,3,4,6.8,9
654 8R 307	 5/8" 0,D Sweet	 2 way	 5/16'"	 2.4	 2,3.4 6.8,9
654 8H 309	 5/8" O.O. Swr.dt	 3 way	 7/16"	 5'16"	 4.8	 2,3,4,6 8.9
635 HR 107	 7/8" O.P. Sweat	 2 way	 5/16"	 2.4	 2,3 6,8
635 OR 309	 718" O.D- Sweet	 3 way	 7/14"	 5/16"	 5.4	 2,3,6,8
STEAM AND HIGH TEMPERATURE vv^ (ER VALVES
The ..BR" Serra%rel y n rvtolor driven to
Same as above except first number after ..RR.- changes to " Y' 	 the opsn and the closet pnsifton -It high
E XAMPLE 681 B f3407	 eifferrnt.al caPebi i n y es mane .[ a .wi t,Ou
(	 Sao page f our for 400 type Specifications	 'ale foh" problem $odvor
ORDERING E XAMPLE
Valve Series	 Load Lentil, 	 Power Re4ulramanls 	 Optional Eauiprnent
t64 HR Sot 19	 e 0 AUXILIARY SWITCH
Ohta,n Valve A standard IS ' load n supplied 	 Sal*CS power rayulrrnrnt from whir below OosCriplion	 Me-
5r • ras No with all vsl,	 L *ad Lengths	 ent.r suit.. symbol when ordering Adjust O F low 4 For control panel man lanng
from above other than 18	 car be Su PPlied	 24 volt. 50/60 C y _, 15 5 West,) Suit.. A	 Soler! End Switch H ar oprraring curl ;tier, e.1u,p
;able of Volvos ordered with auxiliary 	 120 Volt 50;60 Cy., 45 5 watts) Sultir 8 ment on standard modeia It
igndarcl sealed swill: hot only available	 740 Volt. 50160 C y -. 45 5 wall$) Suflik C	 Adjust A F low end is mctuHW on the valve
VaI,* MOdola. gilalions eodable ofwill, 18" loads	 lotus' motor rner	 v Sealed End Switch 9 ningopi	 cycle and is .*MI as
al l.a che, go ) valve cla ge. For 0-64), duty
1 Tvvo w.rr Control only{ 208 volt, 50160 Cy Sulfill P	 Ps. )• age 2
1 1s 208 230 volt. 5Ui6oCy. Sulti. 5 STRAP-ON	
i277 lrnll. 50160 Cv :1ut4. T	 Snsp on Chs "ll. SUMME R'WIN y. F R24 Volt, 50 CV Pattie i	 oyer Switch with
I
CHANGE OVEN SWI ICH
125 Vol:, 50 C y . Suffix K	 Two Wiro Control
i 2AO Voit. 50 CV Sulk. L	 P.cksga 6 Encapsulated switch co raplae
toil Volt. 50 Cy Svlli. M ly aoaisd against moisliire
I 100 Volt, 50160 Cy. Sutli. N	 Two wire Control and foc:or y wired to n
300 Volt. 50160 Cy. Suffix Is Prc. ay. And Fn retie molar onfy	 It will
-11
I 220 Volt, 50Civ Svll.k R	 copsulmled End operate On IMr mns!at host(
Sw i tc h log ronterts wish war*,
amt a. 1o! tsno	 DESCRIPTION: 5/8" O.D. SWEAT VALVE. THREE WAY, 120 VOLT, 16" LEADS tampo'ell.-as of 1 118 Q F	 orh.ghsr	 With weir• temper n
i 8egn, with Ct;n+piota
Valve Stilts Number. Add tellers sod numbers ae•,ating I resit Leolith twee of 660 F a r tu+y*i
the ,mile will o pMntr. nn
Power ragwraments and Options) Equipment eo shown above Iher mostet coaling cc niar Ts
92
_-.^	 ?
t^,ayram No. 3_ Raveruh l e motor valves 5R2 end
-FIH SMle1 wrth 3 wire Thermostat
anal end switch
l•r
III
r. h w,M •r
r'^'r	 I	 I	
I	 t,	 ^	 I	 f
PAGE ISor
F P00O	 L QUALITYOF
PREFIXES FOR EONDUIT TYPES
The p,etlees 61", "62
	
'67', 64' and 65 ' U^'nIe the vaiva , at nu-he, das.yreetes the loliowiny
Pratla	 Countrlea
	 Conduit
	
Tyr of Valve Connection
51"	 Finland only	 13/ 16 is	 BSP PL or 16MM (1/:" Nom Y Water Tube Sweet
,. j2' r	S;.&in only	 3/4 16	 BSP TR or 16r,1M (1/2" Nom) yti.ler Tube Swear
"63"	 F E C	 3/4 1 ,	 BSI' PL or 1tLMM (112" Nom.) Water T ube Sweat
- 64"	 U S A. (Sir P,pel
	 :.2 14	 NPT or 5'8" U O. (1/2" Copped Water TvUey.+Ht
0%5 1 '	 United K,1g,1, •n	 3/4 - 16
	
BSP PL or .596' • U.O. (1/2" Nom.) Water Tul)e ^i1eet
^ E _
t M
C
;a
F
Ly
I
1
ERIE T(htEASURFMINT C	 0 E F G L
MOTORTnOIS
- BR" SERIES CENTIMETERS 12.7 14 5 11.2 3.6 7.6
_
90
INCHES ___
CENTIMETFRS
5.0
14 5
_5.7 4 4
11.2
1 4
-
3 6
1.0
3 1
35
551 SEritIES 16.5 12.0
INCHES 5.7 6.6 4 4 1.4 1.2 L4.6
^n.
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IItAGRAM i
	
ITrsy,am No 1	 Rrvers,ble motor valves. 552 and
BR - Series with temperature
s"smli sw,lch Rayurres cnnsTam
l'o-0, supply
WIRING DIAGRAMS
rr 1 alft^
	 ^^J Ir i t11r11
vwr —..	 Iwo r• a,rr =—+
INII. - ' . 'M
. '— '
y . N.:R. Aft lam ♦ ,tC
sit 	 I,
/fit P,^r•^110
	 rr1.1 •' 	^	 al Mwl
0)AG[7AM a
_	 ^ . { rya•
rrn tr 'will	 .•1C 1V
CSI At:IeAM 3
INVERTED FLARE TYPE CONNECTIONS
FOR LISE WITH 687 "kill" SERIf S VALVES
A	 B	 C	 D	 E
VALVE BODY MACHINED TO RECEIVE ANY OF THESE FITTINGS
Orey,an. No 2
n e. er pl.lr motor valves 552 and
OW" S.• r res wrth 3 w r,e thermostat
i^
I
r
I
i
I,.
t
A.	 Inverted flare nut and elbow assembly, female, for 518" O.D. tubinq
Part No. 436A214 . 1. Length of fitting 15:16".
B	 Inverted flare nut and coup1my assembly, female, fo • 5/8" O.D. tubing
Part No 43GA220 Length of fitting 1 - 11,16".
C. Inverted flare nut assembly, female, for 5/8" to 7/E" O.D. tulling
Part No 43-6: A252. Length of fitting 1 27/32".
D. Inverted flare nut and nipple assembly, male, for 5'8" O.D- tubing
Plitt No 436A229 . 3. Length of fitting 3".
E. Inverted flare nut and elbow assembly, male, for 5/8 • ' O.D. tuE,iny
Part No 436A214 4. Length of fitting i • 15/16
Fits directly to shut off valve.
p lepram No 4 He.e,sibla motor vetvas, 552 and
BR" Series hav,np two wire
control opt.on. Reau.res constant
1' , .. r supply
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